ABSTRACT Two experiments were conducted from 0 to 21 d of age and evaluated diets containing combinations of fine or coarse ground corn (557 or 1,387 μm, respectively), whole sorghum, 15% corn distillers dried grains with solubles (DDGS), or a prebiotic-type product containing yeast cell wall, lactose, citric acid, and other fermentable carbohydrates. In experiment 1, feed efficiency was decreased (P < 0.001) after the first week of age for broilers fed diets containing whole sorghum, whereas broilers receiving diets with 15% DDGS had increased feed efficiency (P < 0.03) compared with those receiving no DDGS. In the second experiment, BW gain was increased (P < 0.03) after the first week of age for broilers fed diets containing the prebiotic and DDGS compared with their respective controls. In experiment 1, the diet containing sorghum yielded the highest AME n value (P < 0.03). In experiment 2, diets containing the combination of the prebiotic + DDGS yielded higher AME n values (P < 0.004) at 7 and 21 d compared with diets containing no combination. The effects of diet on amino acid digestibility were generally small and inconsistent in both experiments. In experiment 1, broilers fed the coarse corn or whole sorghum diets had increased (P < 0.0001) relative gizzard weights compared with broilers fed the fine corn diet. Also, diets containing DDGS yielded increased relative gizzard weights (P < 0.05) compared with diets containing no DDGS. In experiment 2, there was a decrease (P < 0.03) in cecal Escherichia coli when the combination of the coarse ground corn, prebiotic, and DDGS was fed in comparison with broilers receiving no prebiotic or DDGS. These results indicate that diets containing coarsely ground corn or whole sorghum in combination with DDGS can be fed to broilers with no long-term adverse effects on growth performance and nutrient digestibility and that these ingredients can have beneficial effects on AME n , gizzard size, and cecal microflora in some instances.
INTRODUCTION
It has been hypothesized that feeding whole or large particle grains may improve the health of birds by strongly influencing gizzard size and function and indirectly reducing enteric disease problems by altering the microbial populations within the gastrointestinal tract (Bedford, 2000; Gabriel et al., 2006; Amerah et al., 2007 Amerah et al., , 2008 . Most of the previous whole grain and particle size research has used diets that are based on wheat, sorghum, barley, and oats. However, poultry diets in the United States are primarily based on corn because of its wide availability; thus, it may be possible that feeding coarser ground corn can also produce benefits that have been seen with whole grain feeding . Most of the limited number of studies that have more recently evaluated corn particle size in broilers have shown no adverse effects of feeding up to 35 to 50% larger particle corn to birds that are 18 d of age or older (Dozier et al., 2006; Parsons et al., 2006; Clark et al., 2009 ). In addition, only a limited number of studies have been published concerning the effects of including coarse ground or whole grains in corn-soybean meal diets, and we are not aware of any that have been published examining these effects in diets containing corn distillers dried grains with solubles (DDGS). Therefore, one of the objectives of this study was to evaluate large particle corn and whole sorghum when included in poultry diets containing DDGS.
Incorporating certain prebiotics into the diet such as yeast cell wall and fermentable carbohydrates may also beneficially affect gastrointestinal health and positively alter microbial populations in the gut, as well as possibly improving growth performance. Previous research conducted by Douglas et al. (2003) reported that when concentrations of 5 or 6% of a prebiotic product providing yeast cell wall and soluble components, lactose, and other fermentable carbohydrates was fed to commercial broilers, an improvement in growth was achieved for chicks 2 wk of age or younger. Several other experiments conducted with broilers have determined that supplemental yeast cell wall increased lactobacilli and bifidobacteria populations in the ceca compared with diets containing no antibiotic growth promoters (Fernandez et al., 2002; Baurhoo et al., 2007) . No previous studies have been published concerning the effects of a combination of prebiotic and coarse ground corn in diets with and without DDGS.
The objectives of this study were to evaluate the feeding of high levels of coarse ground corn, whole sorghum, and a prebiotic in a corn-soybean meal diet with or without the addition of DDGS to young broilers and to examine the effects of these diets on growth performance, gizzard weight and pH, and nutrient digestibility including AME n and amino acid (AA) digestibility. It was expected that the larger particle sizes would increase gizzard size, which might result in reduced feed passage rate and increased energy and AA digestibility due to increased exposure to digestive enzymes. In addition, the dietary effects on microbial populations (which have an influence on overall gut health) of bifidobacteria, lactobacilli, and Escherichia coli in the ceca were determined.
MATERIALS AND METHODS

Bird Husbandry
The University Institutional Animal Care and Use Committee reviewed and approved all procedures. Experiment 1 was conducted with male crossbred chicks (New Hampshire × Colombian) obtained from the University of Illinois Poultry Research Farm, whereas commercially available male broilers (Ross × Ross 308) were used in the second experiment. Chicks were housed in thermostatically controlled starter batteries with raised-wire flooring in an environmentally controlled room with continuous lighting. In both experiments, the floors of the batteries were left soiled from a previous experiment in an attempt to increase the chicks' exposure to a bacterial challenge. Water and experimental diets were provided ad libitum throughout the feeding period. Diets were formulated to be adequate in all nutrients (NRC, 1994) for young broilers and were fed in mash form. At hatch, broilers were weighed, wing-banded, and allotted to pens and dietary treatments so that the initial mean weight was similar among treatment groups.
Nutrient Digestibility
The AME n and AA digestibility were evaluated using the following procedures. Chromic oxide was included in all diets at 0.3% as an indigestible marker. Excreta from each replicate pen were collected over a 24-h period on either d 7 or 21 posthatch and freeze-dried. Feed and excreta samples from d 7 and 21 were analyzed for gross energy using an adiabatic bomb calorimeter. The AA concentrations [method 982.30E (a, b, c) International, 2006) were determined at the University of Missouri-Columbia Experiment Station Chemical Laboratory. The AME n of the diets was calculated using the equation described by Hill and Anderson (1958) . Apparent digestibility of AA was calculated using the equation described by Adedokun et al. (2007) .
Gizzard Weight and pH Determination
Gizzards were collected from the broilers according to the following procedures. At the end of the experiment, birds were euthanized via CO 2 inhalation. After the birds were euthanized, the gizzards were extracted and the surrounding fat removed. The gizzards were then opened, the contents were removed, and the gizzard was rinsed and blotted dry. The gizzards were weighed and expressed as a percentage of BW. The gizzard contents from each of 2 or 3 birds were pooled together to provide 2 subsamples per replicate for pH determination. A total of 1 g of gizzard contents was taken from each pooled sample and added to 9 mL of distilled water and shaken to provide an aqueous solution. The pH probe then was placed directly into the aqueous solution and the pH recorded.
Microbial Populations
In experiment 2 where microbial populations were evaluated, the following procedures were used. At the end of the feeding period (21 d), birds were euthanized via CO 2 inhalation and cecal contents were extracted from all birds. The contents of one cecum from each bird were used to determine percent DM of cecal contents, whereas the content of the other cecum was used for DNA extraction followed by quantitative PCR techniques described by Middelbos et al. (2007) with minor adaptations. Briefly, cecal DNA was extracted from freshly collected samples that had been stored at −20°C until analysis using a QIAmp DNA Stool Mini-kit (Qiagen Inc., Valencia, CA) according to manufacturer's instructions. Extracted DNA was quantified using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE). Quantitative PCR was performed using specific primers for Bifidobacterium spp., Lactobacillus spp., and Escherichia coli. Briefly, a 10-μL final volume contained 5 μL of 2X SYBER Green PCR Master Mix (Applied Biosystems, Foster City, CA), 15 pmol of the forward and reverse primers for the bacterium of interest, and 10 ng of extracted cecal DNA. Standard curves were obtained by previous harvesting of pure cultures of the bacterium of interest in the log growth phase in triplicate, followed by serial dilution. Bacterial DNA was extracted from each dilution and amplified with the cecal DNA to create triplicate standard curves. The cfu in each dilution were determined by plating on specific agars: Lactobacillus genus on Difco Lactobacilli MRS broth (Becton Dickinson Company, Sparks, MD), Bifidobacterium genus on Difco Reinforced Clostridial Medium (Becton Dickinson Company), and Escherichia coli on Luria-Bertani Medium [10 g/L of tryptose, 5 g/L of yeast extract, 5 g/L of NaCl (pH = 7); Sigma-Aldrich, St. Louis, MO]. The calculated log cfu/mL of each serial dilution was plotted against the cycle threshold to create a linear equation to calculate cfu/g of dry cecal contents.
Experiment 1
The objective of this experiment was to evaluate the effects of coarse ground corn and whole sorghum on growth performance, AME n , AA digestibility, and gizzard weight and pH in broilers fed diets with or without corn DDGS. Five pens of 5 male crossbred chicks were allowed access to 1 of 6 diets from 0 to 21 d of age (Table 1): 1) fine ground corn-soybean meal (SBM) diet; 2) coarse ground corn-SBM meal; 3) 20% whole sorghum; and 4, 5, 6) diets 1, 2, and 3 + 15% DDGS. Corn was ground through a hammer mill using 1.59 and 9.52 mm screen sizes, respectively. This provided corn particle sizes with mean geometric diameters (GMD) of 557 (±0.133) and 1,387 μm (±0.223), respectively. The whole sorghum had an average particle size of 2,360 μm. Diets were fed in mash form and the GMD of the final diets was 582, 855, 981, 663, 855, and 1,086 μm, respectively. The GMD was determined according to the American Society of Agricultural Engineers (2003) . The diets were formulated to contain 23% CP and an average of 3,050 kcal AME n /kg. The AME n values assigned to the whole sorghum and DDGS were 3,288 and 2,480 kcal AME n /kg, respectively (NRC, 1994) . The analyzed CP, fat, acid detergent fiber, neutral detergent fiber (NDF), and ash of DDGS was determined to be 27. 04, 9.91, 12.03, 38.96 , and 4.3%, respectively, whereas sorghum values were 8.51, 3.72, 3.52, 13.65, 1 SBM = soybean meal; DDGS = corn distillers dried grains with solubles. 2 Corn was ground through 1.59-and 9.52-mm hammer mill screen sizes, yielding a mean particle size of 557 and 1,387 μm, respectively, whereas whole sorghum had a mean particle size of 2,360 μm.
3 Independent analyzed values (%) for CP, fat, acid detergent fiber, neutral detergent fiber, and ash for sorghum grain were 8.51, 3.72, 3.52, 13.65, and 1.3, respectively, whereas independent analyzed values for DDGS were 27. 04, 9.91, 12.03, 38.96, and 4.3, respectively. 4 and 1.3%, respectively. Weight gain and feed intake were recorded at the end of wk 1 and 3 and feed efficiency (G:F) was calculated for each pen replicate.
Experiment 2
The objective of this experiment was to evaluate the effects of a prebiotic-type product and coarse ground corn on growth performance, AME n , AA digestibility, and cecal microbial populations in commercial broiler chicks fed diets with or without 15% DDGS. The prebiotic product (Grobiotic, International Ingredient Corporation, St. Louis, MO) tested contains yeast cell wall and yeast cell components, lactose, citric acid, and other fermentable carbohydrates in a proprietary mixture. Five pens of 8 male broiler chicks were allowed access to 1 of 5 diets from 0 to 21 d of age (Table 2) : 1) fine ground corn-SBM diet; 2) coarse ground corn-SBM meal; 3) coarse ground corn + 5% prebiotic; 4) fine ground corn + 15% DDGS + 5% prebiotic; or 5) coarse ground corn + 15% DDGS + 5% prebiotic. The diets were formulated to contain 22.5% CP and 3,050 kcal of AME n /kg. It was assumed that the AME n of the prebiotic was 2,000 kcal/kg. The AME n value for the prebiotic is a calculated estimated value based on its gross energy assuming that the lactose present in the product would be poorly digested and that the yeast and dried fermentable carbohydrates would be moderately to well digested. Corn was ground using the same screen sizes as in experiment 1. The diets were fed in mash form and the GMD of the final diets was 749, 999, 1,011, 603, and 894 μm, respectively. Weight gain and feed intake were recorded and feed efficiency was calculated for each pen replicate.
Statistical Analysis
Data from experiment 1 were analyzed as a completely randomized design with a 3 × 2 factorial arrangement of 3 grain sizes (fine ground corn, coarse ground corn, whole sorghum) and 2 levels of DDGS (0 or 15% inclusion). Interaction and main effects were evaluated using PROC GLM of SAS (SAS Institute Inc., 2009). In both experiments, means were calculated using the LSMEANS procedure of SAS and differences among treatment means were separated us- ing Tukey's honestly significant difference test (Tukey, 1953) . Statistical significance was established at P < 0.05. In experiment 2, orthogonal contrast statements were used to determine effects of corn grind (fine vs. coarse), DDGS-prebiotic inclusion, and their interaction, as well as the effects of the prebiotic treatment alone when appropriate. In both experiments, the pen was the considered the experimental unit.
RESULTS AND DISCUSSION
Experiment 1
Weight gain (Table 3) was not affected by the addition of coarse ground corn, whole sorghum, or the addition of 15% DDGS throughout the entire feeding period. These results agree with previous studies who also reported no differences in weight gain when coarse ground corn, 20% whole sorghum, or 15% DDGS was included in the diet from day of hatch (Lumpkins et al., 2004; Wang et al., 2007a,b; Biggs and Parsons, 2009; Jacobs et al., 2010; Loar et al., 2010) , but disagree with Douglas et al. (1990) who reported that feeding chicks diets prepared from corn with a GMD of 1,470 μm reduced BW compared with corn with a GMD of 900 μm.
Feed intake was increased (P < 0.001) from 8 to 21 and 0 to 21 d when whole sorghum was included in either the corn or DDGS diets. Nir et al. (1990) also reported increased feed intake when birds were fed coarse sorghum in comparison with finer grinds, and their preference for larger particles increased as the birds age increased. The increase in feed intake observed in this study supports this previous work. However, the feed intake between the fine and coarse corn treatments was not different. Intake of the birds consuming any of the diets containing DDGS was decreased (P < 0.02) from 0 to 7 and 0 to 21 d compared with diets containing no DDGS. This result is in contrast to Lumpkins et al. (2004) and Wang et al. (2007a,b) who showed no differences in feed intake when up to 15% DDGS was included in the diet of young broilers. In the current study, feeding coarse corn or whole sorghum in combination with the higher fiber DDGS (NDF 38.96%) may have limited feed intake due to physical constraints of the gizzard. Several other authors have shown similar decreases in feed intake with higher levels of fiber in the diet (Janssen and Carre, 1985; Mateos et al., 2002; Rougiere and Carre, 2010) . The gizzard has been assumed to have an important role as a feed intake regulator (Svihus, 2011) and it has been shown that the volume of the gizzard contents increases substantially when diets with whole cereals or insoluble fiber are fed and that larger particles are selectively retained in the gizzard (Hetland et al., 2003; Gonzales-Alvarado et al., 2008; Amerah et al., 2008 Amerah et al., , 2009 ); thus, decreased feed intake would be expected due to the need of the gizzard to grind the larger particles and fiber material further before it could pass through to the intestine, especially in the whole sorghum and DDGS diet.
Feed efficiency for the chicks fed whole sorghum in a corn-SBM diet (no DDGS) was decreased (P < 0. 3 Corn was ground through the following hammer mill screen sizes: 1.59 and 9.52 mm. This provided an average particle size of 557 and 1,387 μm, respectively, for the fine and coarse ground corn. The mean particle size of the final diets was 582, 855, 981, 663, 855, and 1,086 μm, respectively. sumed 10 to 20% whole sorghum, similar to what was observed in this study. Douglas et al. (1990) also found that feed efficiency from 1 to 21 d was reduced when broilers were fed more coarsely ground sorghum (1,800 μm). The decrease in feed efficiency seems be largely related to the increased feed intake of birds consuming the whole sorghum diets. Over all time periods, the diets containing DDGS had increased (P < 0.03) feed efficiency compared with diets containing no DDGS.
The results for AME n for experiment 1 are summarized in Table 4 . At both 7 and 21 d of age, the diets containing whole sorghum yielded the highest AME n value (P < 0.0001) compared with the fine and coarse corn treatments, although this did not translate into improved feed efficiency or growth. This is in contrast with Biggs and Parsons (2009) who reported that inclusion of 10 to 20% whole sorghum had little or no effect on AME n at 7 and 21 d. In the current study, it was observed that the chicks on the 20% whole sorghum treatment seemed to be selecting and consuming more of the whole sorghum portion of the diet on a daily basis instead of the ground portion, especially as they got older (feeders were checked daily and refilled every 3 to 4 d); thus, they may have been consuming more energy than the chicks on the other treatments (i.e., the AME n of sorghum is higher than the AME n of the total diet). The DDGS inclusion had no effect on AME n digestibility; however, there was an interaction between grain size and DDGS inclusion. When the combination of fine or coarse corn and DDGS was fed, AME n was increased compared with the same diet without DDGS. The opposite effect was seen when whole sorghum was included with DDGS.
As was observed with the AME n of the diets, the AA digestibility increased for all AA at 21 d compared with values at 7 d (Table 5) . These results are similar to previous results reported by our laboratory, which indicated that the ability of the chick to use energy and AA increases until the chick is approximately 2 wk of age, then plateaus, suggesting that digestibility has reached its maximum at this time (Batal and Parsons, 2002) . The effects of diet on AA digestibility were generally small and inconsistent among AA. This may partially be due to the method of using excreta analysis rather than ileal digestibility, which is now considered the standard assay for AA digestibility. The diets containing 15% DDGS generally showed a small reduction (P < 0.05) in the digestibility of Arg, Lys, Thr, and Ile at 7 d of age compared with diets without DDGS, but yielded similar values for the remaining AA. Grain size had no effect on AA at 7 d. At 21 d of age, the diets containing 20% whole sorghum yielded small but significant decreases (P < 0.05) in digestibility values for most AA. It was noted upon analysis of the whole sorghum diet that values for some of the AA, particularly TTSA and Thr, were lower than expected; however, in the whole sorghum + DDGS diet this was not observed. It is not clear if this was an analytical or feed sampling error. This may account for some of the differences in AA digestibility reported as Biggs and Parsons (2009) reported no significant differences in AA digestibility when chicks received either 10 or 20% whole sorghum. Any selection of larger particles and subsequent effects on nutrient digestibility discussed above may possibly be reduced by pelleting the diets rather than feeding the diets in mash form as was done in the present study.
At 21 d of age, chicks fed the coarse corn or whole sorghum had increased relative gizzard weights compared with chicks fed the fine ground corn (Table 6) 3 Corn was ground through the following hammer mill screen sizes: 1.59 and 9.52 mm. This provided an average particle size of 557 and 1,387 μm, respectively, for the fine and coarse ground corn. The mean particle size of the final diets (experiment 1) was 582, 981, 855, 663, 855, and 1,086 μm, respectively. The mean particle size of final diets (experiment 2) was 749, 999, 1,011, 603, and 894, respectively.
4 Least squares means of 5 pens of 8 chicks each per treatment: Ross × Ross 308 commercial males.
5 Orthogonal contrasts statements were used to compare the fine and coarse corn diets (diets 1 and 2) versus those with both DDGS and the prebiotic added (diets 4 and 5). Corn was ground through the following hammer mill screen sizes: 1.59 and 9.52 mm. This provided an average particle size of 557 and 1,387 μm, respectively, for the fine and coarse ground corn. The mean particle size of the final diets was 582, 981, 855, 663, 855, and 1,086 μm, respectively.
1-d-old chicks were fed coarse corn and whole sorghum, relative gizzard weights increased by 19 to 47% compared with chicks fed fine particles. Nir et al. (1994) and Clark et al. (2009) also reported that feeding large particle or cracked corn increased gizzard weights in broiler chickens. The diets containing DDGS also had increased relative gizzard weights (P < 0.05) compared with diets containing no DDGS. This may have been due to the higher fiber content of the DDGS. The DDGS used in this study contained 12.03% acid detergent fiber and 38.96% NDF. Previous studies have shown that ingredients high in dietary fiber increase relative gizzard weights in young broilers (Jimenez-Moreno et al., 2009 and quail (Starck, 1999) . The increase in gizzard size is a logical consequence of larger particle and high fiber inclusion due to the stimulative effect of the increased grinding activity needed for particle size reduction (Svihus, 2011) . In contrast to gizzard weight, there was no significant effect of diet on gizzard pH at 21 d (Table 6 ). 4 Corn was ground through the following hammer mill screen sizes: 1.59 and 9.52 mm. This provided an average particle size of 557 and 1,387 μm, respectively, for the fine and coarse corn. The mean particle size of final diets was 749, 999, 1,011, 603, and 894 μm, respectively. 5 Orthogonal contrasts statements were used to compare the fine and coarse corn diets (diet 1 and 2) versus those with both DDGS and the prebiotic added (diets 4 and 5).
Experiment 2
Weight gain was increased (P < 0.002) during the 8-to 21-d time periods for commercial broiler chicks fed the combination of fine or coarse corn, the prebiotic product, and 15% DDGS compared with the fine or coarse corn diet with no DDGS. Previous research conducted by Douglas et al. (2003) reported that when concentrations of 5 or 6% of the same prebiotic product were fed to commercial broiler chicks, a significant increase (P < 0.05) in BW gain was achieved during the first 2 wk posthatch. Persia et al. (2006) reported approximately a 6% increase in BW gain when 2 to 6% of the prebiotic product was included in the diet of chicks. Lumpkins et al. (2004) and Wang et al. (2007a,b) showed no differences in weight gain when 15% DDGS was included in a typical corn-SBM diet. Similar results were seen in experiment 1 when 15% DDGS was included in the diet. Based on the study's design, it is not clear if the DDGS inclusion, the addition of the prebiotic, or the combination of both is responsible for the increased weight gain as orthogonal contrast statements showed significance when the coarse corn + prebiotic (P < 0.01) was compared with the coarse corn diet, as well as when the coarse corn + prebiotic + DDGS was compared (P < 0.01). Feed intake and feed efficiency (Table 7 ) over all time periods was not affected by any dietary treatment. Previous studies conducted by Lumpkins et al. (2004) , Wang et al. (2007a,b) , and Biggs and Parsons (2008) are in agreement with the results in this experiment. This is in contrast to the results seen in experiment 1.
At 7 d of age, the diets with fine corn had decreased AME n values (P < 0.05) when compared with diets with coarse ground corn, but this result was not observed at 21 d. For both the 7-and 21-d periods, diets that contained DDGS in combination with the prebiotic had higher AME n values (P < 0.02) compared with just the fine or coarse corn diets alone. Jacobs and Parsons (2009) also showed increased AME n values when 2 to 4% of the same prebiotic product was fed. In comparison, the diets in experiment 1 containing DDGS showed no effect on AME n digestibility at 7 or 21 d, so it is not clear what aspect of the diet may be causing the increased digestibility.
The effects of diet on AA digestibility were generally small and inconsistent (Table 8 ). The diets containing coarse ground corn generally showed a small increase (P < 0.04) in the AA digestibility of Arg, Ile, Lys, Cys, and Val at 7 d compared with the fine ground corn diets, but all values were similar at 21 d. The addition of the prebiotic and DDGS to the fine ground corn diet reduced AA digestibility at 21 d for all AA (P < 0.02), but because of the study design it is difficult to say whether this was due more to the prebiotic or the DDGS.
The effects of diet on cecal microbial populations are presented in Table 9 . Although no significant differences were detected among dietary treatments for bifidobacteria and lactobacilli, there was a significant Orthogonal contrasts statements were used to compare the fine and coarse corn diets (diet 1 and 2) versus those with both DDGS and the prebiotic added (diets 4 and 5).
decrease in Escherichia coli populations (P < 0.03) when the fine and coarse corn diets without DDGS were compared with the same diet with both prebiotic and DDGS (determined by orthogonal contrast). This is in contrast to Loar et al. (2010) who saw no effect of DDGS on Escherichia coli populations at the 15% level.
The lack of response to the prebiotic for bifidobacteria and lactobacilli were unexpected as previous studies conducted in our laboratory have shown that there was a linear increase in lactobacilli and bifidobacteria when 2 to 6% of the prebiotic product was included in a corn-SBM diet (Biggs and Parsons, 2008) . The reason for the differences between these 2 studies is unknown but may have resulted because the diet in the current study contained both the prebiotic and DDGS, whereas the diets in the Biggs and Parsons (2008) study only contained the prebiotic. From these 2 experiments, we can conclude that larger particle sizes from coarse corn or whole sorghum, as well as the addition of a prebiotic-type product, can be supplemented to a corn-SBM or corn-SBM-DDGS diet with no adverse effect on weight gain when fed from 0 to 21 d of age. Feed efficiency was depressed when whole sorghum was included in the diet; however, when 15% DDGS was added to the diet, feed efficiency was improved. The AME n was increased when 20% whole sorghum and the combination of DDGS and the prebiotic were fed; however, it is difficult to tell if this was due to DDGS inclusion, the prebiotic, or the combination. The dietary supplements generally had little or no effect on AA digestibility. Relative gizzard weights were significantly increased when coarse corn or sorghum was included in young chick diets, which may have beneficial effects on intestinal health. 
